Objectives-To develop a reliable method for collecting information on reproductive outcome in an occupational setting; and to investigate the health of children born to medical radiographers. Methods-The study population comprised 6730 members of the College of Radiographers who were, at the time of survey; aged between 30 and 64 years, on the current membership file of the College, and were resident in Britain. Results-The postal method developed proved to be reliable, with around 87% of questionnaires being returned. The observed frequencies of reproductive events were broadly in line with findings from other studies: ofthe 9208 pregnancies reported, 83% were livebirths, 12% were miscarriages (gestational age < 20 weeks), 1% were stillbirths (gestational age > 20 weeks), and 1% were other rarer spontaneous adverse events (ectopic pregnancy, blighted ovum, and hydatidiform mole). There was little difference between men and women in the frequency of adverse reproductive events reported, with the exception that male radiographers reported fewer medical terminations, the proportions being 3-1% and lf4% for women and men respectively. Among children, the overall risks of major congenital malformation (RR 1.0, 95%CI 0.9-1.2), chromosomal anomaly (RR 1-49 95%CI 0.8-2.3), and cancer (RR 1-2 95%CI 0.7-2-0) were as expected based on general population rates. Borderline excesses of chromosomal anomalies other than Down's syndrome in the children offemale radiographers (RR 3.9, 95%CI 1-3-9-0, based on five observations), and cancer in the children of male radiographers (RR 2-7, 95%CI 0-9-6-5, based on five observations) were noted. The numbers on which these risks are based are small and the findings should be interpreted cautiously. 
malformation (RR 1.0, 95%CI 0.9-1.2), chromosomal anomaly (RR 0.8-2.3), and cancer (RR 1-2 95%CI 0.7-2-0) were as expected based on general population rates. Borderline excesses of chromosomal anomalies other than Down's syndrome in the children offemale radiographers (RR 3.9, 95%CI 1-3-9-0, based on five observations), and cancer in the children of male radiographers (RR 2-7, 95%CI 0-9-6-5, based on five observations) were noted. The numbers on which these risks are based are small and the findings should be interpreted cautiously. Conclusions-The postal methods developed for obtaining information about reproductive events and child health proved to be reliable in men, as well as in women. Overall, the findings for medical radiographers are reassuring. Doseresponse relations could not, however, be examined as long term dose records of radiographers are not routinely kept in an accessible form.
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The idea that work exposure of parents to potentially hazardous agents may affect the health of their unborn children continues to be a topic of public concern and scientific interest. Although there is much speculation about such prenatal effects, relatively few investigations have been carried out in groups who may have been occupationally exposed to specific substances before and during pregnancy.
Particular controversy surrounds the possible role of low level ionising radiation. The suggestion of Stewart and colleagues, made in 1958, that in utero exposure to diagnostic x rays might increase the risk of childhood leukaemia and other cancers, has taken several decades to settle.' It is now widely accepted that fetuses and young children are more susceptible to the effects of ionising radiation than are adults, and modern concern revolves mainly around the relative importance of the dose of radiation received and age at time of exposure.2 5 More controversial today, is the hypothesis that parental preconceptual exposure to low level doses of ionising radiation may be associated with increased risks of cancer and certain chromosomal defects.6 23 We describe here the findings from an investigation into the health of children of medical radiographers. The study was set up with two main objectives in mind: firstly to develop a reliable method for collecting data on reproductive outcome and child health; and secondly to determine whether radiographers, children were at increased risk of chromosomal anomalies or cancer.
Subjects and methods
The study population comprised all members of the College of Radiographers who, at the time of the survey, were on the College's current membership files, aged between 30 and 64 years, and resident in Britain. People under 30 years were not approached because they would have had few pregnancies, and those past retirement because of the difficulty associated with recalling events that occurred several years in the past. Computer generated home or work address labels were provided by the College for each of the 6730 radiographers who fulfilled these criteria. These labels were produced in seven batches over the two year period June 1988 to July 1990: radiographers who qualified in earlier years being in the first batch and those qualifying in later years being in the last.
Information about current and past jobs, reproductive history, and offspring's health were collected in two postal stages. In the first stage a questionnaire was sent to all of the 6730 eligible radiographers: packages containing introductory letters from the investigators and the College of Radiographers, the questionnaire, and a prepaid stamped addressed envelope were posted in batches of around 500 over the two year period November 1988 to November 1990. The return of a blank form was requested should the recipient not wish to participate in the study. A further questionnaire and a reminder letter were sent if a reply was not received within eight weeks of the initial posting.
To obtain detailed information about specific adverse health events and occupational history, and to request permission to access relevant medical and occupational records, a second questionnaire was sent to all radiographers who reported children with major congenital malformations, cancer, or serious developmental retardation; and to people whose children had died or who had had a spontaneous fetal loss at 20 weeks gestational age or more. With the aim of permitting further investigation of any anomalous risks which may have been uncovered by the survey, a control sample of radiographers whose children were reported to be unaffected were also sent a second questionnaire: two controls per case being selected from among radiographers in the same stage one batch as their corresponding case. Controls were individually matched to cases by sex and date of birth (to within two years for women and five years for men); and on the child's sex (if liveborn), date of birth (to within two years), and pregnancy order (1,2, or 3+).
The routines for entry of data from the first questionnaire and case-control matching were specially written for the project in Dbase IV. 24 The data from the first stage of the study, which formed the basis for selecting cases and controls for the second stage, were coded and entered on to a dedicated microcomputer within three weeks of their receipt. The second stage matching programme had two main components. In the first part, for each case, all potential controls which satisfied the matching criteria were identified, and in the second part two controls per case were assigned. The control assignment routine was specifically (73-3%) men reported one or more pregnancies in their partner (table 2) . Nearly all of those (96%) reporting one or more pregnancies had had at least one liveborn child. The expected preference for two children is clearly seen within the data, with 38-1% of the total, and 54-0% of those who reported one or more pregnancies, having had two livebirths. Almost a quarter of respondents said that they or their partner had had at least one miscarriage or stillbirth; with 89 (1-6%) giving details of three or more such adverse advents. Of the 333 radiographers (6%) who consulted a doctor and received treatment for a fertility problem, 166 (3%) said that they had not succeeded in starting a pregnancy; this 3% was similar for men and women. Table 3 shows more detailed information about the 9208 individual pregnancies reported in the survey. The proportions of the different pregnancy outcomes are broadly in line with findings from other studies: 83% were livebirths, 12% were miscarriages (gestational age < 20 weeks), 1% were late fetal deaths or stillbirths (gestational age > 20 weeks), and 1 % were other rarer spontaneous adverse events (ectopic pregnancy, blighted ovum, and hydatidiform mole). The birth weight distribution of livebirths is also in line with expectation, with just over 5% of babies being of low birth weight (< 2500 g). All in all, there is little difference between the reports of mothers and fathers, with the possible exception that male radiographers seem to be comparatively less certain of their children's birth weights (the proportions of babies whose birth weights were not reported being 1-0% and 5-2% for mothers and fathers respectively) and of their partners, medical terminations (the proportions reported being 3-1% for women and 1-4% for men). Table 4 compares the numbers of major congenital malformations reported in the offspring of radiographers with those expected on the basis of data complied by the Liverpool Congenital Malformation Registry. Overall, there is no evidence of an excess or deficit in reported major malformations among the children and pregnancies of male and female radiographers combined (RR 1-0, 95%CI 0-9-1-2); and in particular, no excess of Down's syndrome is evident (RR 1-0, 95%CI 0-5-1 -9). Within specific systems, however, two significantly high risks were found, both of which were largely due to the higher than expected number of adverse outcomes reported by female radiographers: the first being within the "other musculoskeletal" category and the second being within the "chromosomal anomalies other than Down's syndrome" group. The excess of malformations within the other musculoskeletal category (RR 2I1, 95%CI 1-4-3-1), is difficult to interpret because of the heterogeneity of disorders included within this system group. Examination of the individual diagnoses showed that the excess was primarily due to the subcategory "anomalies of the thorax and neck": the specific malformations within this subgroup reported by female radiographers tMalformations by system classified according to the ICD-9 groupings. Observed and expected numbers do not include the following diagnoses: pyloric stenosis; unspecified heart murmur; patent ductus arteriosis in babies < 28 weeks gestation or weighing < 1000 g, or both; undescended testis; hydrocele; hypospadias with urinary meats in front of coronary sulcus; inguinal hernias; congenital dislocation of hips; "unstable" hips; talipes; lesions on skin; ear tags; tongue tie; bronchial cleft; preauricular sinus; unspecified anomalies of ears and nose. tExpected numbers calculated from maternal age specific rates derived from the Liverpool Congenital Malformations Registry. This register includes malformations in stillbirths, medical terminations, and livebirths diagnosed at any age after birth. radiographer was a trisomy in chromosome 17 in a pregnancy which was also terminated. Table 5 compares the numbers of cancers reported in the children of radiographers with those expected on the basis of national rates. Although the numbers are small, data are presented in five year age groups and for two main diagnostic categories. Overall, there is little evidence to suggest that the children of radiographers are at any increased risk of cancer: 16 malignancies were reported whereas 13-0 were expected (RR 1-2, 95%CI 0 7-2 0). Among women's children the numbers observed and expected are almost identical, being 11 and 11-2 respectively. Amongst men's children, however, there is a marginal, although non-significant, excess: five malignancies being observed whereas 1-8 were expected (RR 2-7, 95%CI 0 9-6-5). Table 6 shows more information about the 16 malig-Health ofchildren born to medical radiographers Table 6 Malignancies diagnosed in the children of radiographers by age at diagnosis and ICD-9
Age at diagnosis Sex of (y) Diagnosis ( nancies, which comprise a heterogeneous group (to prevent identification of individual people, dates of birth of children and parents are not presented here).
To permit further investigation of any anomalous risks observed, a case-control design was adopted in the second stage of the study (see subjects and methods). The original intent had been to obtain dosimetry and employment records of cases and their corresponding controls, so that dose-response relations could be investigated. However, although radiographers are subject to routine dose assessments, long term dose records have not, generally, been kept (see discussion). Although further information about the work histories of radiographers before the birth of their children was collected in the second stage, a thorough review of these data on chromosomal anomalies other than Down's syndrome (table 4) and malignancies (table 5) showed no notable differences between cases and their corresponding matched controls. All cases and controls had trained and worked in radiography before their children were conceived. Also, cases and their corresponding controls reported almost identical durations and patterns of employment in radiography, and all reported a similar spectrum of radiographic duties and exposures at work (diagnostic radiography and portable set work, for example). Given the close matching of cases and controls for sex, date of birth, and number of previous pregnancies this is, perhaps, not surprising.
Discussion
The postal method developed for this study proved to be reliable, and the quality of the information provided by the respondents was good. The overall response rate was 86-8%: with 85-1% of questionnaires being returned completed and 1-7% blank (refusal). The exact response, expressed as a proportion of questionnaires actually received by the intended respondents is, however, likely to have been greater than this as some of the 852 (13-2%) unreturned questionnaires were probably not received because the address held by the College was out of date. Moreover, it is possible that part of the difference between the proportions of completed returns for men (78%) and women (86%) could have been due to the fact that male radiographers addresses were, comparatively, less reliable: either because the men were more mobile or because they were less likely to inform the College of their new address.
The reproductive patterns seen within this group of radiographers seems to be typical of 30 to 64 year olds in the general population31: around 70% reported at least one pregnancy and nearly 40% reported two livebirths. The observed frequency of fetal death also agrees well with other surveys of medical personnel'2: 12% of all pregnancies ended in miscarriage and 1% in stillbirth. Also, the numbers of ectopic pregnancies (0 7%), blighted ova (0 2%), and hydatidiform moles (0 1%), were in line with expectation."'4 Comparable data on infertility are sparse, and it is noteworthy that 3% of men and 3% of women supplied information that suggested that they or their partners had primary infertility.
Relatively few published studies have included data on reproductive events reported by men, as well as by women. In this context, the present investigation provides a valuable opportunity to compare the information supplied by men with that supplied by women. In general, both sexes reported similar frequencies of events: 70% of women and 73% of men gave details of at least one pregnancy. Also, almost identical proportions of men and women stated that they, or their partner, had a fertility problem. The main difference between the sexes was seen in the recording of children's birth weights and medical terminations. Although women and men reported similar frequencies of low birth weight babies (5-2% and 5-6% respectively), only 1 0% of mothers compared with 5-2% of fathers failed to record their child's weight at birth on the questionnaire. For medical terminations, 3-1% of women and 1-4% of men gave details about such events.
There is little indication that the offspring of radiographers are at increased risk of chromosomal anomaly (RR 1-4, 95%CI 0.8-2-3) or cancer (RR 1-2, 95%CI 0-7-2-0). An excess of chromosomal anomalies other than Down's syndrome (RR 3.5, 95%CI 1-3-7-7, based on six observations) and a marginally higher than expected number of cancers in the children of male radiographers (RR 2-7, 95%CI 0 9-6 5, based on five observations) were noted. The numbers on which these risks are based are small and the findings should be interpreted cautiously. The fact that the observed excess of chromosomal anomalies was not present for Down's syndrome also weakens the suggestion that these data show a real parental occupational effect.
To permit further investigation of any anomalous risks observed, permission to access employment and dosimetry records was requested in the second case-control stage of the study: the intention being to link the data from the second stage of the survey with health physics records. This proved to be 
